Dolichandrone serrulata (DC.) Seem flowers are widely used as vegetables in northern and eastern Thailand. Biological studies of the methanolic extract of these flowers have shown promising antioxidant activity. Biological-guided separation of D. serrulata flowers yielded six compounds, identified as hallerone, protocatechuic acid, rengyolone, cleroindicin B, ixoside, and isomaltose. This is the first report on hallerone, protocatechuic acid, rengyolone, cleroindicin B, and isomaltose in D. serrulata. Protocatechuic acid was the most potent scavenger of 2,2-diphenyl-l-picrylhydrazyl and hydroxyl radicals with IC 50 values of 25.6 ± 0.6 and 29.6 ± 0.4 M, respectively. Hallerone and rengyolone showed moderate scavenging action on superoxide radicals and inhibited H 2 O 2 induced reactive oxygen species production in HEK-293 cell. In addition, the other isolated compounds showed weak activity.
It is widely accepted that diets rich in fruits and vegetables can lower the risk of age related diseases. One underlying mechanism for this effect is the antioxidant activity of various compounds in food plants. Antioxidants work through several mechanisms, including metal chelation, hydrogen donation, and free radical scavenging activity. Superoxide radicals (O 2  ) and hydroxyl radicals (HO  ) are the most important free radicals and are implicated in numerous pathological conditions [1, 2] .
Dolichandrone serrulata (DC.) Seem flowers are eaten in Thailand. Only a phytochemical study of D. serrulata branches has been reported; decaffeoyl-verbascoside, verbascoside, isoverbascoside, markhamioside A, 2ꞌꞌ-O-apiosylverbascoside, luteoside B, and ixoside were isolated [3] . Promising antioxidant activity of D. serrulata flowers was found by our biological screening of Thai local vegetables. This prompted us to identify the active compounds responsible for this antioxidant activity by evaluating the ability of the compounds to scavenge DPPH, hydroxyl, and superoxide radicals using spectrophotometry and electron spin resonance (ESR) spectroscopy. Additionally, their effects on intracellular reactive oxygen species (ROS) production in HEK-293 cells were also investigated.
The ethyl acetate (EtOAc) and methanol (MeOH) extracts of D. serrulata flowers showed strong DPPH radical scavenging activity, with IC 50 values of 184.2 and 163.6 µg/mL, respectively (Table 1) . Biological-guided separation using thin layer chromatography (TLC)-DPPH led to the isolation of 6 compounds: hallerone and protocatechuic acid from the EtOAc extract, rengyolone and cleroindicin B from the dichloromethane (CH 2 Cl 2 ) extract , and ixoside and isomaltose from the MeOH extract. All compounds were isolated for the first time from D. serrulata and the genus Dolichandrone except ixoside. However, rengyolone and hallerone were previously isolated from the genus Millingtonia [4] and Campsis grandiflora [5] . The isolation of rengyolone and hallerone from D. serrulata flowers supported previous work that suggested that rengyolone co-occurs with hallerone. It is hypothesized that rengyolone may be an artifact formed from hallerone either in vivo or during the work up of the plant material [6] .
The six isolated compounds were subjected to antioxidant activity assays. In the DPPH spectrophotometric assay (Table 1) , protocatechuic acid showed the most potent antioxidant activity (IC 50 = 3.1 g/mL), which was comparable with that of Trolox. The other compounds exhibited mild activity, inhibiting DPPH by approximately 5.0-20.0% at 100 µg/mL. However, hallerone showed no activity.
In the ESR assay ( Figure 2 and Table 2 ), protocatechuic acid also exhibited the strongest scavenging activity against the DPPH radicals, with an IC 50 value of 25.6 ± 0.6 µM and a scavenging capacity value of 2.4 mol/mol antioxidant, indicating that 1 mol protocatechuic acid can scavenge approximately 2.4 mol DPPH radicals. Similarly, the capacity of Trolox was 2.6 mol/mol antioxidant, as a result of the two hydroxyl groups on Trolox [7] . In the hydroxyl radical scavenging assay, all the isolated compounds could scavenge the hydroxyl radicals. The order of scavenging potency of the isolated compounds was: protocatechuic acid > ixoside > rengyolone > hallerone > isomaltose > cleroindicin B. For the superoxide radical scavenging assay, only two compounds, hallerone and rengyolone, had moderate scavenging action against the superoxide radicals.
For the MTT assay using the HEK-293 cell line, the suitable concentration for the intracellular ROS production assay was 20 µM, which resulted in cell viability greater than 80%. The intracellular ROS production was assayed using the 2′,7′dichlorodihydrofluorescein diacetate (DCFH-DA) method. After incubation with H 2 O 2 , the intracellular ROS production in hallerone-, protocatechuic acid-, rengyolone-, cleroindicin B-, ixoside-, and isomaltose-treated cells was 122.1 ± 1.7, 142.6 ± 6.3, 130.2 ± 4.6, 140.2 ± 8.6, 155.3 ± 3.6, and 165.3 ± 6.7%, respectively, whereas in the control and vitamin C-treated cells the values were 100.0 and 125.6 ± 2.6%, respectively ( Figure 3 ). These results suggested that hallerone (1) and rengyolone (3) significantly inhibited H 2 O 2 induced ROS production in HEK-293 cells, similar to the positive control, vitamin C. These results related to a previous study which reported that rengyolone could inhibit inducible nitric oxide synthase (iNOS) gene expression and cyclooxygenase 2 (COX-2) activation by lipopolysaccharide (LPS) [8] .
Based on the antioxidant effects of the isolated compounds, these findings agree with the previous study that antioxidant potency is dependent on both the number and type of hydroxyl groups [9] . Therefore, cleroindicin B (4), ixoside (5) , and isomaltose (6) exhibited weak antioxidant activity due to the lack of a phenolic component. The antioxidant activity of hallerone (1) and rengyolone (3) may be related to the reactive ,-unsaturated ketone moiety. Based on this study, D. serrulata flowers may represent a potential therapeutic alternative for diseases associated with oxidative stress. Extraction and isolation: D. serrulata flowers were dried in an oven at 45°C and ground with a Moolenex ® grinder. The powder (1.5 kg) was successively extracted with n-hexane, CH 2 Cl 2 , EtOAc, and MeOH using a Soxhlet apparatus. Each extract was filtered and dried by evaporating under vacuum to yield 17.3, 32.8, 70.6, and 428.3 g, respectively. The residues were stored at -20C until use. The EtOAc extract (32.09 g) was submitted to fractionation by short column chromatography (CC) using, silica gel G60 (200.0g, 0.063-0.2 mm, Merck) as an adsorbent and eluting with CH 2 Cl 2 , EtOAc, and MeOH in order of increasing polarity to obtain 20 fractions (DS-E1-1 to DS-E1-20). Fraction DS-E1-8 (0.1130 g) was subjected to preparative TLC (PrepTLC) using silica gel G 60 glass plates (20  20 cm) and CH 2 Cl 2 -MeOH (9:1) as the mobile phase. After development, the compound was eluted from the adsorbent with EtOAc to afford compound 1 (7.4 mg). Fraction DS-E1-17 (1.6093 g) was re-chromatographed on Sephadex LH20 (20.00 g) using MeOH as eluent to afford 6 fractions (DS-E1-17-1 to DS-E1-17-6). Fraction DS-E1-17-6 was further separated by PrepTLC using silica gel G 60 glass plates (20  20 cm) and CH 2 Cl 2 -acetoneformic acid (75:16.5:8.5) as the mobile phase. After development, the compound was eluted with EtOAc to obtain compound 2 (8.7 mg). The CH 2 Cl 2 extract (24.94 g) was submitted to separation by short CC using silica gel G60 (200.0 g, 0.063-0.2 mm) as adsorbent and eluting with n-hexane, CH 2 Cl 2 , EtOAc, and MeOH in order of increasing polarity to obtain 28 fractions (DS-D1-1 to DS-D1-28). 
Identification of isolated compounds:
The structures of the isolated compounds 1-6 were elucidated by UV, IR, MS, 1 H NMR, and 13 C NMR and determined to be hallerone, protocatechuic acid, rengyolone, cleroindicin B, ixoside, and isomaltose, respectively [10] [11] [12] [13] [14] [15] [16] .
Determination of antioxidant activity
DPPH radical scavenging assay: The TLC-DPPH assay was performed by the method described previously [17] . The antioxidant potency of the tested extracts and compounds was assessed by using DPPH in a microplate, which was modified from a method by Lu et al. [18] . DPPH in MeOH (1 mM) was added to the reaction mixture in triplicate and incubated in the dark at room temperature for 10 min. The absorbance was measured at 517 nm. The ability to scavenge the DPPH radical was calculated using the following equation.
%inhibition = [(Abs control -Abs sample ) / Abs control ]  100

Free radical scavenging assay using ESR trapping technique
A. DPPH radical scavenging assay: The ESR conditions were modified from a method by Nanjo et al. [19] . In brief, the reaction mixture contained 0.25 mM DPPH in MeOH (100 L), 50 L MeOH, and 50 L isolated compound. The ESR spectra were recorded 60 s after adding the antioxidant at ambient temperatures. Trolox was used as a standard antioxidant.
B. Hydroxyl radical scavenging assay:
The assay was modified from the previous study [7] . In brief, the reaction mixture contained 0.25 mM freshly prepared Fe 2 SO 4 (20 L) , 30 L deionized water, 1.12 M DMPO (10 L), 10 L sample, and 0.25 mM H 2 O 2 (30 L). The ESR spectra were recorded 60 s after adding 0.25 mM H 2 O 2 at ambient temperature. Vitamin C was used as a standard antioxidant.
C. Superoxide anion radical scavenging assay:
The assay was modified from a previous study [7] . In brief, the reaction mixture was mixed in the following sequence: 4 mM hypoxanthine (50 L) in 5 mM phosphate buffer (pH 7.4), 1.12 M DMPO (10 L), and 10 L antioxidant. The reaction was initiated with 0.8 U/mL xanthine oxidase (30 L). The ESR spectra were recorded 120 s after adding xanthine oxidase at ambient temperatures. Superoxide dismutase (SOD) was used as a standard antioxidant. The ESR measurement conditions of DPPH, hydroxyl and superoxide radicals were as follows: central field 3505.50, 3520.47, 3520.00 G, modulation amplitude 4.0, 2.25, 1.25 G, microwave power 49.88, 10.05, 9.92 mW, receiver gain 6.32  10 2 , 6.32  10 3 , 6.32  10 3 dB, conversion time 40.96, 40.96, 40.96 ms, and time constant 1.28, 2.56, 2.56 ms, respectively. All determinations were performed in triplicate.
D. ESR data analysis:
The free radical scavenging activity was calculated as the percent inhibition by the following equation: % inhibition = [(ESR peak height of control -ESR peak height of sample ) / ESR peak height of control  100
